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SCHMITT TRIGGER WITH HYSTERESIS 
AND PREVIOUS-STATE MEMORY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to level-detection circuits. 

More particularly, the present invention relates to Schmitt 
triggers having hysteresis. 

2. Description of Related Art 
Level-detection circuits having hysteresis, often referred 

to as Schmitt trigger circuits or simply Schmitt triggers, are 
commonly used in integrated circuits for receiving signals 
external to the integrated circuit. The Schmitt trigger is 
commonly used to reduce the impact of a noisy input signal 
on the integrated circuit. HoWever, existing Schmitt triggers 
suffer from some problems. For example, in modern 
electronics, there is a groWing desire for components With 
the capability to be poWered off, such as portions of note 
book computers or cellular phones. In those situations, it is 
important that the components be in the same state When 
poWered back on as they Were When poWered doWn. For 
instance, a Schmitt trigger circuit may have a different trip 
point depending on Whether the last state of the output signal 
Was high or loW. It Would be desirable to have a Schmitt 
trigger that can be poWered doWn, and When poWered back 
up, demonstrates the same voltage transfer characteristics as 
the state the Schmitt trigger Was in at poWer doWn. 

Another problem With existing Schmitt triggers involves 
the dif?culty of achieving precise control over the hysteresis 
due to process variations that may occur during manufac 
turing of the components used in the circuit. More 
speci?cally, the different trip points (i.e., O-to-l and l-to-O) 
of a typical Schmitt trigger are generally controlled by 
appropriately siZing the devices (typically, both N-type and 
P-type transistors) used in the circuit such that a ratio of the 
on-resistance of one device to another device creates a 
feedback that modi?es the trip point of the circuit differently 
in each direction. HoWever, designing a speci?c amount of 
hysteresis is dif?cult because slight variations in processing 
those components introduces signi?cant variations in the 
on-resistance ratio of the speci?c components from the 
design ratio to the actual as manufactured ratio. In addition, 
the effects of back-bias and source voltage of transistors on 
the circuit can be dif?cult to predict. Accordingly, there is a 
need in the art for a Schmitt trigger that is less susceptible 
to process variations and Which can be poWered doWn 
Without losing the last state. 

SUMMARY OF THE INVENTION 

Brie?y stated, the present invention enables a level 
detection circuit, such as a Schmitt trigger, having hysteresis 
characteristics that are less susceptible to process variations 
and Which can be poWered doWn Without losing the last state 
of the circuit. More speci?cally, the present invention makes 
use of detection circuitry to detect a level of an input signal, 
and to modify an intermediate output signal based on the 
level of the input signal. The circuitry also includes trip 
level adjustment circuitry to alter the voltage at Which the 
detection circuitry changes the intermediate output signal 
relative to the input signal. By sWitching the state of the 
output signal based on the intermediate output signal (as 
in?uenced by the trip-level adjustment circuitry), the voltage 
transfer characteristics of the entire circuit may be changed 
thereby introducing hysteresis. In addition, latching circuitry 
is included in the circuit to store a last state of the circuit in 
the event of a poWer doWn. In that Way, the circuit may be 
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2 
poWered up in the last state, thereby displaying the same 
hysteresis characteristics after the circuit is poWered back 
up. 

In one aspect, the invention makes possible an apparatus 
for generating an output signal based on an input signal. The 
apparatus includes a ?rst detection circuit con?gured to 
detect a potential of the input signal and to provide an 
intermediate output signal. The intermediate output signal 
has a level, such as a voltage potential or current, based on 
the input signal. The apparatus further includes a second 
detection circuit coupled to the intermediate output signal 
and con?gured to provide an output signal based on the level 
of the intermediate output signal. More speci?cally, as the 
intermediate output signal passes through a threshold poten 
tial of the second detection circuit, the second detection 
circuit changes state. The apparatus also includes a trip-level 
adjustment circuit con?gured to provide feedback to the ?rst 
detection circuit and thereby in?uence the input voltage at 
Which the level of the intermediate output signal changes. In 
this con?guration, the trip-level adjustment circuit can cause 
the intermediate output signal to pass through the threshold 
potential of the second detection circuit When the input 
signal is at some potential different from the threshold 
potential of the ?rst detection circuit. 

In another aspect, the invention makes possible an appa 
ratus for generating an output signal based on an input signal 
and that includes poWer-doWn capability. The apparatus 
includes a ?rst detection circuit, coupled to receive the input 
signal, that detects a potential of the input signal and that 
provides an intermediate output signal having a level based 
on the potential of the input signal. The ?rst detection circuit 
is also coupled to receive an enable signal that deactivates 
the ?rst detection circuit in response to the enable signal 
being deasserted. The apparatus also includes a second 
detection circuit coupled to receive the intermediate output 
signal and to sWitch the output signal When the level of the 
intermediate output signal passes through a threshold poten 
tial of the second detection circuit. A trip-level adjustment 
circuit is coupled to receive the intermediate output signal 
from the ?rst detection circuit and is further con?gured to 
alter the input voltage at Which the intermediate output 
signal changes. In that Way, the trip-level adjustment circuit 
effectively alters the threshold potential of the ?rst detection 
circuit thereby altering the voltage of the input signal at 
Which the second detection circuit changes state (i.e., hys 
teresis is introduced). The circuit additionally includes a 
latching circuit coupled to receive the intermediate output 
signal and to receive the enable signal. The latching circuit 
is con?gured to latch a state of the intermediate output signal 
in response to the enable signal being deasserted. In that 
Way, the last state of the circuit may be recreated When the 
circuit is again enabled. 

In yet another aspect, the invention makes possible a 
method for poWering doWn a circuit that generates an output 
signal based on an input signal and that remember the 
circuit’s last state at a poWer-doWn event. The method 
includes receiving an input signal at a level-detection circuit 
and generating an intermediate output signal by the level 
detection circuit based on the input signal. In addition, the 
method includes receiving the input signal at a trip-level 
adjustment circuit and in?uencing the level-detection circuit 
by the trip-level adjustment circuit such that a level of the 
intermediate output signal changes When the input signal 
exceeds a ?rst threshold, the ?rst threshold being based upon 
a component in the trip-level adjustment circuit in combi 
nation With a component in the level-detection circuit. 
Moreover, the method includes receiving an enable signal 
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indicating that a poWer-doWn event of the circuit is occur 
ring. When the poWer-doWn event occurs, the intermediate 
output signal is in some last state. Thus, the method includes 
latching the last state of the intermediate output signal for 
the entire poWer-doWn period until a poWer-up event occurs. 

Advantages of the present invention over eXisting level 
detection circuits include that the hysteresis of the circuit is 
more easily estimated. More particularly, the hysteresis of 
the overall circuit can be simpli?ed to the difference in trip 
points of tWo inverters having different transistor ratios. The 
trip points of inverters are easy to estimate using computer 
simulations, Which is an improvement over eXisting level 
detection circuits in Which the hysteresis depends on various 
devices interacting With each other and Which are not as 
easily computed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of one embodiment of a 
level-detection circuit implementing the present invention. 

FIG. 2 is a voltage transfer characteristic diagram illus 
trating the output voltage as a function of the input voltage 
for the level-detection circuit illustrated in FIG. 1. 

FIG. 3 is a schematic diagram of another embodiment of 
a level-detection circuit implementing the present invention. 

FIG. 4 is a schematic diagram of still another embodiment 
of a level-detection circuit implementing the present inven 
tion. 

FIG. 5 is a schematic diagram illustrating yet another 
level-detection circuit based on the level-detection circuit 
illustrated in FIG. 1 and improved to include last-state 
memory. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 is a schematic diagram of one embodiment of a 
level-detection circuit 100 implementing the present inven 
tion. Generally stated, the circuit 100 receives an input 
signal VIN and provides an output voltage VOUT. The circuit 
100 has a ?rst detection circuit 101 including P-type tran 
sistors 102 and 104, and N-type transistors 106 and 108. 
Each of those transistors (102, 104, 106, 108) are connected 
in series With the source of P-transistor 102 connected to the 
supply voltage, and the source of N-transistor 108 connected 
to the circuit ground. The gates of P-transistor 104 and 
N-transistor 106 are both tied to the input signal VIN. The 
gate of P-transistor 102 may be tied loW, and the gate of 
N-transistor 108 may be tied high so that the tWo transistors 
are alWays on. Alternatively, as described further beloW, the 
gates of N-transistor 108 and P-transistor 102 may be 
connected to receive an Enable signal and its complement, 
respectively, so that the circuit 100 may be poWered doWn. 
In accordance With this embodiment of the invention, the 
strength of P-transistor 102 is much greater than the strength 
of P-transistor 104 so that the voltage drop across 
P-transistor 102 is very small and the source of P-transistor 
104 is very close to the supply voltage VDD. Similarly, the 
strength of N-transistor 108 is much greater than the strength 
of N-transistor 106 so that the voltage drop across 
N-transistor 108 is very small and the source of N-transistor 
106 is very close to circuit ground. In this con?guration, the 
source voltages of P-transistor 104 and N-transistor 106 are 
minimal and, advantageously, the body effect on them is also 
minimal. 

The circuit 100 also has a trip-level adjustment circuit 109 
including P-type transistors 110 and 112, and N-type tran 
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4 
sistors 114 and 116. Those transistors are also connected in 
series, With the source of P-transistor 110 connected to 
receive the supply voltage, and the source of N-transistor 
116 connected to circuit ground. The gates of P-transistor 
112 and N-transistor 114 are also tied together and to the 
input signal VIN. In addition, the common drain junction of 
P-transistor 112 and N-transistor 114 is connected to the 
common drain junction of P-transistor 104 and N-transistor 
106. That common drain junction 118 is also connected to 
the input lead of an inverter 120, Which provides the output 
signal VOUT. The output signal VOUT is then fed back to the 
gates of P-transistor 110 and N-transistor 116. In that Way, 
the output signal VOUT operates to either turn on the 
P-transistor stack (110 and 112) via P-transistor 110, or the 
N-transistor stack (114 and 116) via the N-transistor 116. 
The components of the trip-level adjustment circuit 109 
(e.g., transistors 110, 112, 114, 116) may be siZed in a similar 
manner to their analogous components in the ?rst detection 
circuit 101. Thus, similar to the ?rst detection circuit 101, 
the voltage characteristics of the P-transistor pair (110 and 
112) is dominated, principally, by P-transistor 112, and the 
voltage characteristics of the N-transistor pair (114 and 116) 
is dominated, principally by the siZe of N-transistor 114. 

In operation, the circuit 100 acts in this manner. As 
mentioned above, P-transistor 102 is alWays on and, thus, 
the voltage at the source of P-transistor 104 is roughly the 
same as the supply voltage VDD. In addition, N-transistor 
108 is alWays on so the voltage at the source of N-transistor 
106 is roughly the circuit ground. When the input signal VIN 
is loW, P-transistor 104 is on and N-transistor 106 is off, 
making the voltage at node 118 high. The voltage at node 
118 is then inverted by inverter 120 making the output 
voltage VOUT loW. The loW output voltage is fed back to 
P-transistor 110, turning it on, and to N-transistor 116, 
turning it off. The input signal VIN is also provided to the 
gates of P-transistor 112 (turning it on) and N-transistor 114 
(turning it off). Such is the steady state of the circuit When 
the input signal VIN is loW. 
As the input signal VIN transitions from loW to high 

(0—>1), the voltage at node 118 remains unchanged until the 
voltage at the gate of N-transistor 106 surpasses VT for that 
transistor. At that point, N-transistor 106 begins to turn on 
and begins to conduct current. In response, the voltage at 
node 118 begins to move aWay from the supply voltage VDD. 
Inverter 120 may be selected to have a trip point at some 
potential such as roughly half Way betWeen the circuit 
ground (or any other loW circuit potential) and the supply 
voltage VDD. Therefore, as the voltage at node 118 continues 
to fall as the input signal VIN rises, it Will eventually exceed 
the trip point of the inverter 120, and the output voltage 
VOUTWIll change state. HoWever, the voltage at node 118 is 
in?uenced by the active transistors, e.g., P-transistor 104, 
P-transistor 112, and N-transistor 106 con?gured as an 
inverter With the P-transistors in parallel. That in?uence may 
be quanti?ed by the ratio of the siZe of P-transistor 104 in 
parallel With P-transistor 112 to the siZe of single 
N-transistor 106. As mentioned above, the strength of 
P-transistor 102 is selected to be much greater than 
P-transistor 104. For that reason, the in?uence of 
P-transistor 102 on the trip level can be ignored (aside from 
its function as a sWitch) for the purpose of evaluating the 
circuit 100. For similar reasons, the in?uences of 
P-transistor 110 and N-transistor 108 on the trip level can be 
ignored. Thus, in the described embodiment, the trip level of 
the circuit 100 for the loW to high transition (0—>1) becomes 
a function of the ratio (R") of transistors given by the 
relationship: 
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Note that the sizes of both active P-type transistors (i.e., 
104 and 112) impact the voltage at node 118. Therefore, the 
loW-to-high trip level (V") may be adjusted by properly 
sizing the components in the trip-level adjustment circuit 
109 of the device While maintaining component siZes in the 
?rst detection circuit 101 that more closely resemble a 
standard inverter. In essence, the loW-to-high trip level of the 
entire circuit 100 can be simulated as a circuit having a ?rst 
inverter With ratio R+ folloWed by a second inverter like 
inverter 120. Thus, the designer is given more control over 
the particular point at Which the output voltage VOUT Will 
transition. For instance, the loW to high trip level is more 
predictable because process variations that may impact the 
?nal siZing of the individual transistors are someWhat ame 
liorated When tWo of the same type of transistors are used to 
set the hysteresis (e.g., P-transistor 104 and P-transistor 112, 
or N-transistor 106 and N-transistor 114). In addition, the 
source of the dominant P-transistors in the circuit 100 are 
virtually at the supply voltage VDD, thereby minimiZing any 
back-bias and its effect on the transistor characteristics. 
Similarly, back-bias is minimiZed in the dominant 
N-transistors because their source potentials are virtually at 
the circuit ground. Moreover, because the similar-type tran 
sistors are each connected in the same Way (e.g., for 
P-transistors 104 and 112, the gates are connected to the 
same node (VIN), the drains are connected to the same node 
(118), and the sources are connected to virtually the same 
potential (VDD)), they have the same operating point and 
circuit parameters effect both transistors in the same Way 
making the effects less harmful. Accordingly, the present 
invention overcomes the conventional limitation related to 
the need to set the hysteresis of a circuit by modifying the 
on-resistance ratio of individual components having differ 
ent operating points. 
When the input signal VIN rises to the point that the 

voltage at node 118 overcomes the trip point of the inverter 
120, the output voltage VOUT sWitches state from loW 
potential to high potential. It Will be appreciated that, due to 
the in?uence of the active transistors (e.g., 104, 112, and 
106), the input signal VIN Will at that point have surpassed 
the trip point of the ?rst detection circuit 101 as it Would be 
if unaltered by the trip-level adjustment circuit 109, thereby 
introducing a hysteresis effect in the loW-to-high transition. 
When the output voltage VOUT changes state, that high 
potential is fed back to the gates of P-transistor 110 (turning 
it off) and N-transistor 116 (turning it on). As P-transistor 
110 turns off, the in?uence of P-transistor 112 on node 118 
diminishes, While the turning on of N-transistor 116 alloWs 
N-transistor 114 to begin to in?uence the voltage at node 
118. At steady state, the input signal VIN has reached its high 
potential, P-transistor 104 and P-transistor 112 are turned 
off, N-transistor 106 and N-transistor 114 are turned on, and 
the output voltage VOUT is high. 

Thus, When the circuit 100 is in the steady state With the 
input signal VIN high, the high potential of the output voltage 
VOUT at the gate of P-transistor 110 turns that transistor off, 
thereby removing the in?uence of P-transistor 112 on the 
voltage at node 118. Conversely, the high output voltage 
VOUT at the gate of N-transistor 116 turns that transistor on, 
thereby introducing the in?uence of N-transistor 114 on the 
voltage at node 118 in the high-to-loW transition. Therefore, 
as the input signal VIN decreases, eventually the gate poten 
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6 
tial of P-transistor 104 falls beloW its threshold voltage and 
the P-transistor 104 begins to turn on. When current begins 
to ?oW through P-transistor 104, the voltage at node 118 
begins to move from loW to high. Again, similar to the 
loW-to-high transition, the change in the current through 
P-transistor 104, and thus the change in voltage at node 118, 
is in?uenced by the ratio of the siZes of the active transistors, 
namely P-transistor 104 and the parallel combination of 
N-transistor 106 and N-transistor 114. That ratio (R') may 
be described by the equation: 

Thus, the in?uence of the active transistors (e.g., 104, 
106, and 114) causes the input signal VIN to fall to a level 
(V') beloW the standard trip level (VT1O1)) of the ?rst 
detection circuit 101 (as unaltered) before the state of the 
inverter 120 changes, thereby sWitching the state of the 
output voltage VOUT from high to loW. Again, note that the 
in?uence of N-transistors 106 and 114 are added together to 
impact the voltage at node 118. In that Way, the hysteresis 
introduced by the circuit 100 in the high-to-loW direction 
may be adjusted by modifying the siZe of N-transistor 114 
Without altering the relationship of the ratio of P-transistor 
104 to N-transistor 106. Additional improvement to the 
predictability of the hysteresis can be achieved by additional 
transistor matching. For instance by having the folloWing 
transistor ratios: 

the ratio of the active transistor to the sWitching transistor in 
series is the same, and in that Way, the source voltage of 
P-transistor 104 can be matched to P-transistor 112, and the 
source voltage of N-transistor 106 can be matched to 
N-transistor 114, thus making their operating points the 
same. 

FIG. 2 is a Voltage Transfer Characteristic (VTC) graph 
illustrating the output voltage VOUT as a function of the 
input signal VIN. Referring to the graph, it can generally be 
shoWn that as the input signal VIN increases from a loW 
potential to a high potential, it passes through the unaltered 
trip level VT101 of the ?rst detection circuit 101 (as unaltered 
by the trip-level adjustment circuit 109). Due to the in?u 
ence of the active transistors in the loW-to-high transition 
(e.g. transistors 104, 106, and 112), the trip point of the 
circuit 100 is moved up to some higher voltage level V". 
LikeWise, as the input signal VIN decreases from a high 
potential to a loW potential, it passes through the unaltered 
trip level VT101 of the ?rst detection circuit 101 until it 
overcomes the in?uence of the active transistors in the 
high-to-loW direction (e.g., transistors 104, 106, and 114). In 
that Way, the circuit 100 produces the desired hysteresis 
effect. And as discussed above, the amount of that hysteresis 
may be tailored by adjusting the siZes of either P-transistor 
112 or N-transistor 114. 

FIGS. 3 and 4 are schematic diagrams illustrating alter 
native circuits 300 and 400, respectively, that embody the 
principal of the invention. As suggested above, With the 
circuit 100 illustrated in FIG. 1, the loW-to-high trip point 
(V") is moved aWay from the trip point VT101 of the ?rst 
detection circuit 101 by the dominant in?uence of three 
transistors P-transistor 104, P-transistor 112, and 
N-transistor 106. HoWever, if N-transistors 114 and 116 are 
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omitted, the high-to-loW trip point (V+) becomes essentially 
the same as the unaltered trip point (Vnol) because in the 
high-to-loW direction, only P-transistor 104 and N-transistor 
106 in?uence the voltage at node 118. It Will be appreciated, 
though, that hysteresis is still introduced in the circuit 100 
because the falling trip point (V_=VT1O1) is still different 
from the rising trip point (V+). And basically the same result 
may be achieved if P-transistors 110 and 112 are omitted 
instead of N-transistors 114 and 116. More speci?cally, if 
P-transistors 110 and 112 are omitted from the circuit 100 
illustrated in FIG. 1, then the loW-to-high trip point (V+) 
becomes essentially the unaltered trip point (Vnol) of the 
?rst detection circuit 101, and the high-to-loW trip point (V') 
is still in?uenced by N-transistor 114, thereby introducing 
hysteresis. 

To that end, the circuit 300 illustrated in FIG. 3 represents 
essentially the same circuit as circuit 100, but that 
N-transistors 114 and 116 have been omitted. Therefore, 
With reference to the VTC illustrated in FIG. 2, for the circuit 
300, as the input signal VIN moves from a loW potential to 
a high potential, the in?uence of P-transistor 312 in parallel 
With P-transistor 304, and N-transistor 306 cause the voltage 
at node 318 to sWitch only after the input signal VIN has risen 
to a level (V") above the unaltered trip point of the ?rst 
detection circuit 301 in the manner described above. Thus, 
the inverter 320 changes state When the input signal sur 
passes the trip level V+ (FIG. 2). HoWever, as the input 
signal VIN moves from a high potential to a loW potential, 
P-transistor 310 is in cut-off, removing the in?uence of 
P-transistor 312 from the circuit 300. Thus, as the input 
signal VIN falls to the unaltered trip level (V1301) of the ?rst 
detection circuit 301, in?uenced only by the ratio of 
P-transistor 304 to N-transistor 306, the output voltage VOUT 
changes state. In this Way, the trip level is different in the 
high-to-loW direction (V1301) than in the loW-to-high direc 
tion (V+), resulting in hysteresis. 

Likewise, the circuit 400 in FIG. 4 represents essentially 
the same circuit as circuit 100, but that P-transistors 110 and 
112 have been omitted. For that reason, as the input signal 
VIN moves from a loW potential to a high potential, the 
in?uence of P-transistor 404 and N-transistor 406 are essen 
tially balanced because N-transistor 416 is off, thereby 
essentially eliminating the in?uence of N-transistor 414. 
Thus, the inverter 420 changes state When the input signal 
VIN surpasses the unaltered trip level (VT4O1) (FIG. 2) of the 
?rst detection circuit 401. HoWever, as the input voltage 
moves from the high potential to the loW potential, 
N-transistor 416 is on, alloWing the contribution of 
N-transistor 414 to help in?uence the voltage at node 418 in 
parallel With N-transistor 406 in the manner described 
above. Thus, in the high-to-loW direction, the input signal 
VIN moves to a voltage level (e.g., V‘) beloW the unaltered 
trip level of the ?rst detection circuit 401 (e. g., VT4O1) before 
the output voltage VOUT changes state. In that Way, the trip 
level is different in the high-to-loW direction (V') than in the 
loW-to-high direction (V401), resulting in hysteresis. 

FIG. 5 is a schematic diagram illustrating yet another 
circuit 500 that includes one embodiment of the invention. 
The circuit 500 is based on the circuit 100 illustrated in FIG. 
1 and includes features directed at alloWing the circuit 500 
to be poWered doWn, or for components in the circuit 500 to 
be disabled to consumes less poWer. It Will be appreciated 
that many components of the circuit 500 are the same as 
those in the circuit 100 of FIG. 1. HoWever, in the circuit 
500, the high potential provided at the gate of N-transistor 
508 is instead an Enable signal, and the loW potential 
provided at the gate of P-transistor 502 is instead the 
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8 
complement signal Enable. In addition, tWo neW 
components, P-transistor 522 and N-transistor 524, are 
added in parallel With P-transistor 512 and N-transistor 514, 
respectively. The gate of P-transistor 522 is connected to 
receive the Enable signal, and the gate of N-transistor 524 is 
connected to receive the complement signal Enable. 
OtherWise, the improved circuit 500 is similar to and per 
forms like the circuit 100 illustrated in FIG. 1 and described 
above. 
When the Enable signal is high and Enable is loW, 

P-transistor 502 is on, N-transistor 508 is on, P-transistor 
522 is off, and N-transistor 524 is off. In that state, the circuit 
500 is essentially the same as the circuit 100 illustrated in 
FIG. 1 and performs similarly. But, When Enable goes loW, 
and Enable goes high (indicating a poWer-doWn event), the 
Enable high signal at the gate of P-transistor 502 and the 
Enable loW signal at the gate of N-transistor 508 turn those 
transistors off. In that state, the components of the ?rst 
detection circuit 501 are disabled. The loW Enable signal at 
the gate of P-transistor 522 and the high Enable signal at the 
gate of N-transistor 524 turn on those transistors as sWitches. 
In that state, P-transistor 510 in series With P-transistor 522, 
and N-transistor 516 in series With N-transistor 524 essen 
tially form an inverter, Which, together With inverter 520, 
acts to latch the last state of the circuit 500. With P-transistor 
522 on and N-transistor 524 on, feedback is applied to node 
518 to form a latch no matter What state the input signal V,” 
is in, so that it does not matter if P-transistor 512 is on or off, 
or N-transistor 514 is on or off. In that Way, although the 
circuit 500 is disabled, the last state that it Was in Will be the 
state that it is in When it is re-enabled, thus providing 
last-state memory. 
The above speci?cation, examples and data provide a 

complete description of the manufacture and use of the 
invention. Since many embodiments can be made Without 
departing from the spirit and scope of the invention, the 
invention resides in the claims hereinafter appended. 

I claim: 
1. An apparatus for generating an output signal based on 

an input signal, comprising: 
a ?rst detection circuit con?gured to detect a potential of 

the input signal and that provides an intermediate 
output signal having a level based on the potential of 
the input signal, the ?rst detection circuit having an 
unaltered threshold potential at Which the ?rst detection 
circuit changes a state of the intermediate output signal, 
the ?rst detection circuit being coupled to receive an 
enable signal, the ?rst detection circuit being further 
con?gured to be deactivated in response to the enable 
signal being deasserted; 

a second detection circuit coupled to the intermediate 
output signal and being con?gured to change a state of 
the output signal in response to the level of the inter 
mediate output signal changing state; and 

a trip-level adjustment circuit coupled to the ?rst detec 
tion circuit and con?gured to in?uence the ?rst detec 
tion circuit such that the intermediate output signal 
changes state When the input signal is at some potential 
different from the unaltered threshold potential, the 
trip-level adjustment circuit comprising a ?rst subcir 
cuit having a ?rst control mechanism coupled to the 
output signal of the second detection circuit and a ?rst 
in?uence control mechanism under control of the input 
signal; 

Wherein the ?rst control mechanism is siZed suf?ciently 
large in comparison to the ?rst in?uence control 
mechanism such that a voltage drop across the ?rst 
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control mechanism is much less than a voltage drop 
across the ?rst in?uence control mechanism. 

2. The apparatus of claim 1 Wherein the ?rst detection 
circuit comprises a ?rst subcircuit and a second subcircuit 
con?gured as an inverter. 

3. The apparatus of claim 2 Wherein the ?rst subcircuit 
includes a pair of transistors in series and the second 
subcircuit includes another pair of transistors in series. 

4. The apparatus of claim 1 Wherein the ?rst subcircuit is 
coupled to receive a reference potential and to receive the 
intermediate output signal, the ?rst control mechanism being 
coupled to the output signal of the second detection circuit 
such that When the output signal is in a ?rst state the ?rst 
subcircuit is active and When the output signal is in a second 
state the ?rst subcircuit is deactivated, the ?rst subcircuit 
being operative to provide feedback, When activated, to the 
?rst detection circuit as the input signal changes from a ?rst 
potential to a second potential. 

5. The apparatus of claim 4 Wherein the ?rst subcircuit 
further comprises a second control mechanism coupled to 
the input signal, the feedback of the ?rst subcircuit being 
under control of the second control mechanism. 

6. The apparatus of claim 5 Wherein the ?rst control 
mechanism comprises a transistor and the second control 
mechanism comprises another transistor. 

7. The apparatus of claim 4 Wherein the trip-level adjust 
ment circuit comprises a second subcircuit coupled to 
another reference potential and to the intermediate output 
signal, the second subcircuit including a second control 
mechanism coupled to the output signal of the second 
detection circuit such that When the output signal is in the 
?rst state the second subcircuit is inactive and When the 
output signal is in the second state the second subcircuit is 
active, the second subcircuit being operative to provide 
feedback, When activated, to the ?rst detection circuit as the 
input signal changes from the second potential to the ?rst 
potential. 

8. The apparatus of claim 7 Wherein the ?rst in?uence 
control mechanism is connected betWeen the ?rst control 
mechanism and the intermediate output signal, and further 
Wherein the second subcircuit further includes a second 
in?uence control mechanism under control of the input 
signal, the second in?uence control mechanism being con 
nected betWeen the second control mechanism and the 
intermediate output signal. 

9. The apparatus of claim 8 Wherein the second control 
mechanism is siZed suf?ciently large in comparison to the 
second in?uence control mechanism such that a voltage drop 
across the second control mechanism is much less than a 
voltage drop across the second in?uence control mechanism. 

10. An apparatus for generating an output signal based on 
an input signal, comprising: 

a ?rst detection circuit, coupled to receive the input 
signal, that detects a potential of the input signal and 
that provides an intermediate output signal having a 
level based on the potential of the input signal, the ?rst 
detection circuit having an unaltered threshold poten 
tial at Which the ?rst detection circuit changes a state of 
the intermediate output signal, the ?rst detection circuit 
being coupled to receive an enable signal, the ?rst 
detection circuit being further con?gured to be deacti 
vated in response to the enable signal being deasserted; 

a second detection circuit coupled to receive the interme 
diate output signal and being con?gured to change a 
state of the output signal in response to the level of the 
intermediate output signal passing through a second 
threshold potential; 
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10 
a trip-level adjustment circuit con?gured to in?uence the 

?rst detection circuit such that the intermediate output 
signal passes through the second threshold potential 
While the input signal is at some potential different from 
the unaltered threshold potential of the ?rst detection 
circuit; and 

a latching circuit coupled to receive the intermediate 
output signal and to receive the enable signal, the 
latching circuit being con?gured to latch a state of the 
intermediate output signal in response to the enable 
signal being deasserted. 

11. The apparatus of claim 10 Wherein the trip-level 
adjustment circuit comprises a ?rst subcircuit coupled to 
receive a reference potential signal and to receive the 
intermediate output signal, the ?rst subcircuit including a 
?rst control mechanism coupled to receive the output signal 
of the second detection circuit such that When the output 
signal is in a ?rst state the ?rst subcircuit is activated and 
When the output signal is in a second state the ?rst subcircuit 
is deactivated, the ?rst subcircuit further comprising a 
second control mechanism coupled to receive the input 
signal and con?gured to provide feedback to the ?rst detec 
tion circuit, When the ?rst subcircuit is activated, as the level 
of the intermediate output signal changes from a ?rst poten 
tial to a second potential. 

12. The apparatus of claim 11 Wherein the ?rst control 
mechanism comprises a transistor and the second control 
mechanism comprises another transistor. 

13. The apparatus of claim 11 Wherein the trip-level 
adjustment circuit comprises a second subcircuit coupled to 
receive another reference potential and to receive the inter 
mediate output signal, the second subcircuit including a 
third control mechanism coupled to receive the output signal 
of the second detection circuit such that When the output 
signal is in the ?rst state the second subcircuit is deactivated 
and When the output signal is in the second state the second 
subcircuit is activated, the second subcircuit further com 
prising a fourth control mechanism coupled to the input 
signal and con?gured to provide feedback to the ?rst detec 
tion circuit, When the second component is activated, as the 
intermediate output signal changes from the second potential 
to the ?rst potential. 

14. The apparatus of claim 13 Wherein the latching circuit 
comprises: 

a ?rst latching element under control of the enable signal, 
coupled to the ?rst subcircuit, and being con?gured to 
latch a state of the ?rst subcircuit in response to the 
enable signal being deasserted; and 

a second latching element under control of the enable 
signal, coupled to the second subcircuit, and being 
con?gured to latch a state of the second subcircuit in 
response to the enable signal being deasserted. 

15. The apparatus of claim 14 Wherein the ?rst latching 
element comprises a transistor, and the second latching 
element comprises another transistor. 

16. The apparatus of claim 14 Wherein the latching circuit 
further comprises a ?rst latching circuit sWitch coupled to 
the ?rst detection circuit and under control of the enable 
signal, Wherein the ?rst latching sWitch deactivates at least 
a portion of the ?rst detection circuit in response to the 
enable signal being deasserted. 

17. The apparatus of claim 16 Wherein the latching circuit 
further comprises a second latching circuit sWitch coupled to 
the ?rst detection circuit and under control of the enable 
signal, Wherein the ?rst latching sWitch deactivates at least 
another portion of the ?rst detection circuit in response to the 
enable signal being deasserted. 
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18. The apparatus of claim 17 wherein the ?rst detection 
circuit comprises a ?rst detection transistor connected in 
series With a second detection transistor, and Wherein the 
?rst latching circuit sWitch is coupled to the ?rst detection 
transistor such that the ?rst latching circuit sWitch deacti 
vates the ?rst detection transistor When the enable signal is 
deasserted, and Wherein the second latching circuit sWitch is 
coupled to the second detection transistor such that the 
second latching circuit sWitch deactivates the second detec 
tion transistor When the enable signal is deasserted. 

19. The apparatus of claim 18 Wherein the ?rst latching 
circuit sWitch comprises a transistor, and the second latching 
circuit sWitch comprises another transistor. 

20. A method for poWering doWn a circuit that generates 
an output signal based on an input signal, comprising: 

receiving an input signal at a level-detection circuit; 
generating an intermediate output signal by the level 

detection circuit based on the input signal; 
receiving the input signal at a trip-level adjustment cir 

cuit; 

12 
in?uencing the level-detection circuit by the trip-level 

adjustment circuit such that a level of the intermediate 
output signal reaches a trip-level of an output inverter 
When the input signal is at a potential different from an 
unaltered threshold potential of the level-detection 
circuit, the in?uence being based upon a component in 
the trip-level adjustment circuit in combination With a 
component in the level-detection circuit; 

receiving an enable signal indicating a poWer-doWn event, 
the intermediate output signal having a last state at the 
occurrence of the poWer-doWn event; and 

latching the last state of the intermediate output signal 
such that When a poWer-up event occurs, the interme 
diate output signal is at the last state. 

21. The apparatus of claim 8, Wherein the reference 
potential of the ?rst subcircuit comprises a supply voltage 
and the other reference potential of the second subcircuit 
comprises a circuit ground. 

* * * * * 


